The reaction of cis- [Cr([14]-decane)(OH 2 ) 2 ]
Introduction
The nutritional role of chromium(III) has been established of mammals for the maintenance of normal glucose, lipid and protein metabolism. 1, 2 The carcinogenicity of chromium (VI) is considered in terms of the uptake/reduction model. 3, 4 Analysis of chromium containing brewers yeast fractions implied that various amino acids and nicotinic acid served as structural components of the active complexes. 5 Also, the naturally occurring ligands and their coordination compounds seem to be implied in the therapeutic activity displayed by drugs containing transition metal ions or the ligand itself. 6 Cr(III) or Cr(VI) reacts with many naturally occurring ligands forming several isomeric complexes due to the high affinity of Cr(III) for N, O and/or S donor atoms. 7, 8 Therefore, the chemistry of chromium with such ligands is obviously of great importance. 9, 10 Despite these results very little is known about the composition and structure of the biologically active forms of chromium.
Due to the presence of carboxyl and hydroxyl functionalities, citric acid {cit; HOOCCH 2 C(OH)(COOH)CH 2 -COOH} is an important compound in biological processes.
11
A prominent function of the citrate ion is directly related to its metal-chelating capacity, which is manifested in its multi model coordination to various transition metal ions of biological significance. 12 Such metal ions have been identified as a key metal ion involved in the active sites of essential metalloenzymes related to physiological protective metabolic functions. 13 Thus, its biological role has been greatly enhanced by its direct involvement as an essential trace element 14 in functionally critical enzymes such as catalases 15 and the mitochondrial enzymes superoxide dismutase and pyruvate carboxylase as well as the glialspecific enzyme glutamine synthetase. 16 In this context, studies about the coordination chemistry of citrate ligand have been dealed with several metals. 17 However, little work has been carried out on the preparations of macrocyclic chromium(III) complexes with naturally occurring citrate ligands. 18 We describe herein the preparation, isolation, and spectroscopic and structural characteriztions of the first dimeric chromium(III) macrocyclic complex {cis-[{Cr(III)(
, [14] -decane; rac- (5,5,7,12,12,14- hexamethyl-1,4,8,11-tetraazacyclotetradecane)} containing auxiliary ligand (L a ), citrate ligand in its coordination sphere (Scheme 1). The interactions between Cr(III) and these ligands are of great importance in view of the presumed role of the Cr-N, O bond in the biochemical processes. These compounds are also interesting for their role as unique models in studying complex formation with various substrates.
Experimental Section
Measurements. All chemicals were commercial analytical reagents and were used without further purification. For the spectroscopic and physical measurements, organic solvents were dried and purified according to the literature methods. 19 Nanopure quality water was used throughout this work. Macrocyclic rac- [14] + solution were prepared according to the literature methods previously reported. [20] [21] [22] Microanalyses of C, H, and N was carried out using LECO CHN-900 analyzer. Conductance measurement of the complex was performed in DMF at 25 ± 1 o C using an ORION 162 conductivity temperature meter. IR spectrum was recorded with a Bruker FSS66 FT-IR spectrometer. Electronic absorption spectrum was measured at 25 o C on a HP model 8453 UV-VIS Spectrophotometer. FAB-mass spectrum was obtained on a JEOL JMS-700 Mass Spectrometer using argon (6 kV, 10 mA) as the FAB gas. The accelerating voltage was 10 kV and glycerol was used as the matrix. The mass spectrometer was operated in positive ion mode and mass spectrum was calibrated by Alkali-CsI positive.
Preparation o were considered to be observed (I > 2σ (I)) and were used in subsequent structure analysis. The structure was solved by the direct method, 23 and refined by full-matrix least-squares refinement with use of the SHELXL-97 package program. 24 The centrosymmetric space group was chosen , and this choice was confirmed by the successful determination of the chromium atom position from the Patterson map and finally a structure solution with acceptable thermal parameters and geometry for octahedral Cr(III). All atoms of the dimeric complex were refined anisotropically, but the water hydrogens were refined isotropically. The water hydrogens were difficult to find in the difference maps, but surprisingly easy to refine to very reasonable positions (Table 4) . Selected bond lengths and bond angles are presented in Table 2 and 3, and the hydrogen-bond lengths and angles are given in Table 4 .
Crystallographic data for the structure reported here have , which is in the range of 1 : 1 electrolyte. From the acid dissociation constants 21 it is seen that the cis-
3+ cation is a significantly stronger acid than a number of other cis-tetraaminediaquachromium (III) cations. This result is due to differences in cationsolvent interactions by the restriction of ligand cyclization, steric effects, and hydrophobic bonding effect.
It shows that the absorption bands shift to shorter wavelength on addition of HClO 4 solution to the aqueous Cr(III) complex solution. The absorption spectrum of this species is compared with several related compounds in 2+ is depicted in Figure 1 . The crystal structure of this complex is composed of dimeric cation of the indicated formula and noninteracting perchlorate anions. These results are backed up by the elemental analysis and molar conductivity (λ M = 168.6 ohm
) which agreed with assignment of the structure as cis-[{Cr( [14] 
The geometry consists of two roughly octahedrally coordinated chromium atoms, each with four secondary amine nitrogen atoms of the macrocycle and two oxygen atoms of the bridging citrato ligands. Two citrate ions in this complex coordinate to two chromium(III) ions in an unusual monodentate mode. Namely, each citrate ion coordinate with two chromium(III) ions via its α-carboxyl and one of the β-carboxyl groups, while the other β-carboxyl group does not participate in the coordination. The uncoordinated oxygen atom {O (2) and O(4)} of the carboxylate groups and the secondary amines of the macrocycle involve in the formation of stable six-membered hydrogen bonded rings. The macrocycles in this complex are flexible and foldable when the bridging citrate anions bind to the chromium(III) ions, occupying the citrate anions cis-positions in the coordination sphere of the chromium(III) ions, and producing dimeric structure. Selected bond distances and angles are listed in Table 2 It is of interest to note the axial vs. equatorial coordination of the macrocycle and the citrato groups for each chromium atom. It is known that in cis octahedral complexes of macrocycles of medium size (12-14 membered rings) the pattern of metal-ligand distance and the angle between the axial donors and the metal center are particularly affected by the cavity size. In this complex Cr-N (1, equatorial; 2.108(9) Å) and Cr-N (3, equatorial; 2.111(9) Å) distances are shorter 
-[Cr(cyclam)Cl(dmso)]
2+ octahedral complex, the angle N axial -Cr-N axial is closer to 180 o than the title complex and the axial and equatorial distances take similar values. 29, 30 As is usual in the saturated 14-membered tetraaza macrocyclic complexes, the N-Ni-N angle of the sixmembered chelate rings {86.6(4), 87. (Fig. 3 and Table 4 ). The uncoordinated oxygen atom of each citrate ligand as well as of counter ion, ClO 4 − give rise to hydrogen bonds with secondary amine hydrogens of the macrocycle (Fig. 2) . These interactions result in a formation of polymeric chains (Fig. 3) . This chain forms a related layer structure, but within the layers dinuclear cation cis-
2+ ions arrange zig-zag configurations. The hydrogen bonds between secondary amine hydrogens of the macrocycle and ClO 4 − ion, N(3)-O(9) (Table 4) connect the chains to the layers. Between the layers hydrogen bonding interactions auxiliary ligands and The distance and arrangement in space of the two metal ions are determined by the structure of the bridges, whereas their properties depend on the nature of the bridging ligands with macrocyles. Therefore, dinuclear complexes such as title compound is a good candidate for a supramolecular species. Indeed, cis-[{Cr( [14] 
2+ as artificial receptor contains intramolecular cavity {Cr-Cr (−x + 0.5, −y + 0.5, −z) distance; 7.361(3) Å} sufficiently large to allow substrate inclusion as well as structural elements that endow the three dimensional framework with planned geometric and dynamic features. 31 On that account, the title complex may be considered generalized coordination chemistry. It extends the purpose of designed organic complexing agents from the coordination of transition metal ions, for which they were first used, to the coordination of all kinds of substrates: cationic, anionic, and neutral species of an inorganic, organic, or biological nature. Thus, the functional properties of a title compound may cover molecular recognition, catalysis (transformation), and transport (translocation).
Electronic absorption spectrum. The absorption spectrum of the dimer, cis-[{Cr([14]-decane)(µ-cit)} 2 ]
2+ complex ion in DMF solution at room temperature is represented in Figure 4 . The absorption band maxima of the major spectral features are summarized in Table 5 . The electronic spectrum of the dimer complex was similar to its monomer analogues. The very similar absorption maxima demonstrate that the dimer complex have similar electronic structure to the monomer complexes.
Using octahedral notation for this complex, the two absorption bands are assigned as T 1g (F). 8 There are overlapping absorption parts in the In order to obtain some points of reference for the splitting of the two bands, the band profiles were fitted by using four Gaussian curves, as seen in Figure 4 . Finally, we performed least-squares fitting procedures, and the dotted lines in Figure 4 are Gaussian bands representing the approximate deconvolution of the spectrum yielded by the calculations. The electronic spectroscopic data for Cr(III) monomeric (or dimeric) species have been rationalised taking into account the 10 Dq value as criterion. 35 The energy of the first spin allowed d-d transition ( 2+ more stable, resulting the highest 10Dq value. Crystal field splitting parameters are also attributed to the intra-molecular hydrogen bond in the dimer between the uncoordinated oxygen atom of the carboxylate group and the secondary amine hydrogen of the macrocycle (Fig. 2) ), indicating that the auxiliary ligands in the Cr(III) complexes are not dissociated from the complex in these polar solvents. 40 The spectrum of title complex exhibit characteristic absorption bands for the carbonyls of the citrate carboxylate ligands in the symmetric and asymmetric vibration regions. , indicating that carboxylate groups are either free or coordinated to the metal ion in a monodentate fashion. 41 This observation is consistent with the observed X-ray crystal structure of the title complex. The aforementioned assignments are in agreement with previous results for citrate complexes of various metals. 42 In the FAB mass spectrum of title complex there is a peak at m/z 1053 corresponding to the molecular ion, cis-[{Cr( [14] 
